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Abstract

Background: The recent increase in the number and severity of
cases of nosocomial Clostridium difficile-associated diarrhea
(CDAD) has prompted interest in the use of probiotics for the
prevention and treatment of this disease. We performed a sys-
tematic review of randomized controlled trials to assess the ef-
fectiveness of probiotic therapy.

Methods: We searched the PubMed, EMBASE, INAHTA, HEN
and Cochrane Collaboration databases to identify trials in
which the prevention or treatment of CDAD with probiotic
therapy was the primary or secondary outcome. We extracted
data on the number of patients randomly assigned to receive
probiotic or placebo, the number of patients with CDAD, the
type of probiotic, criteria for diagnosing CDAD, persistence of
infection after treatment, compliance and adverse effects.

Results: We identified 4 eligible studies in which prevention (n=1)
or treatment (n = 3) of CDAD was the primary outcome. The
benefit of probiotic therapy seen in 2 of the studies was re-
stricted to subgroups characterized by severe CDAD and in-
creased use of vancomycin. The remaining 2 studies were too
methodologically flawed for us to draw meaningful conclusions.
We also identified 4 trials in which prevention of antibiotic-as-
sociated diarrhea with probiotics was the primary outcome and
prevention of CDAD a secondary outcome. These studies were
limited primarily by too few CDAD cases and provided no evi-
dence of effective prophylaxis. Overall, heterogeneity in choice
and dose of probiotic and in criteria for diagnosing CDAD
makes it difficult to synthesize information from the 8 studies.

Interpretation: Studies conducted to date provide insufficient evi-
dence for the routine clinical use of probiotics to prevent or
treat CDAD. Better designed and larger studies are needed.
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oth the incidence and severity of Clostridium difficile-
B associated diarrhea (CDAD) have increased in hos-

pitals across North America.* Recent outbreaks in
Montreal and Sherbrooke resulted in a 4-fold increase in
the number of CDAD cases as well as an increase in the
number of attributable deaths.””” CDAD is a debilitating
and costly illness, particularly among patients with recur-
ring episodes. Probiotics, or naturally occurring “good bac-
teria,” have been suggested as a means of both preventing
and treating the disease.*"' The disturbance of normal gas-
trointestinal flora, particularly after antibiotic use, is be-

lieved to predispose patients to colonization by C. difficile;’
probiotics, by delivering bacteria to the gastrointestinal
tract, are believed to restore equilibrium in the altered gas-
trointestinal flora and thus protect against colonization.®
Probiotics that have been proposed for prevention and
treatment of antibiotic-associated diarrhea and CDAD in-
clude various bacteria (Bifidobacterium, Lactobacillus GG, L.
rhammosus, L. casei, L. plantarum 299v, Enteroccus faecium
[SF68]) and yeasts (Saccharomyces boulardii, S. cerevisiae).
They are commonly available as lyophilized capsules or in
the form of a fermented drink. We performed a systematic
review of randomized controlled trials of probiotic therapy
for the prevention and treatment of CDAD.

Methods

We followed the guidelines for systematic reviews described in
the QUORUM statement.”? We searched the databases of Pub-
Med, EMBASE, INAHTA, HEN and the Cochrane Collabora-
tion up to Mar. 19, 2005, using the following search terms: (Pro-
biotic, Probiotics, Lactobacillus, lactic-acid, acidophilus, casei,
bulgaricus, plantarum, rhamnosus, yeast, Saccharomyces, boular-
dii, cervisiae, Bifidobacterium, bifidum, SF68) and (Clostridium,
difficile, diarrhea, antibiotic-associated) and (patients, subjects).
We selected randomized controlled trials where prevention or
treatment of CDAD was either a primary or secondary outcome
and where the study subjects were adults and recruited from a
hospital setting. Further details of the database search strategy are
given in online Appendix 1 (www.cmaj.ca/cgi/content/full
/173/2/167/DC1). We also reviewed the reference lists from arti-
cles fulfilling the inclusion criteria.

Two of the authors independently extracted the following data
from all studies meeting the inclusion criteria: the number of pa-
tients randomly assigned to probiotic and placebo groups, the
number of patients with CDAD in each group, the type of probi-
otic, criteria for diagnosing CDAD, persistence of C. difficile in-
fection after treatment, compliance and adverse effects. We calcu-
lated a risk difference and 95% confidence interval (CI) for
comparing probiotic and placebo groups. Cls were calculated us-
ing the hybrid score method with continuity correction.”

The quality of each trial was assessed using the scale described by
Jadad and associates,'* which rates studies on randomization, blind-
ing and attrition. The score ranges from 0 to 5, with 5 indicating
best quality. A more detailed summary of each study is given in a re-
cent Health Technology Assessment report prepared by the Tech-
nology Assessment Unit of the McGill University Health Centre
(“Probiotics,” available at www.mcgill.ca/tau/publications/2005/).
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Results

"The results of our search strategy are summarized in Fig.
1. We identified 4 studies in which preventon (z = 1)¥ or
treatment (z = 3)'“" of CDAD was the primary outcome.
No meta-analysis was performed because there was marked
heterogeneity between the studies. We also identified 4 ran-
domized, placebo-controlled trials of probiotic therapy for
the prevention of antibiotic-associated diarrhea where pre-
vention of CDAD was measured as a secondary outcome®
(Table 1; a longer version of this table is available online at
www.cmaj.ca/cgi/content/full/1723/2/167/DC1). Study
quality ranged from 3 to 5, with all the randomized studies
being double-blinded.

As seen in Table 1, there was considerable protocol vari-
ation in the choice of probiotic formulation and duration of
treatment. There was also variability in the criteria for
defining a case of CDAD: various definitions of diarrhea
and different combinations of tests for C. difficile and its as-
sociated toxins A and B were used. In some studies patients
were considered to have CDAD if they had diarrhea and
were positive for C. difficile as determined by at least 1 stan-
dard culture or toxin A or B test. This definition, although
probably the most inclusive, has a low specificity because it
classifies patients with nontoxigenic C. difficile as having
CDAD.? In other studies, patients were tested for toxin
presence only if a standard culture was positive for the
bacillus. However, the poor sensitivity of standard culture
means that subjects who had a false-negative result may not
have been tested.

386 unique studies identified
by online search

Excluded (n = 378)

* Study subjects not adults (n = 799)

¢ Study design not a randomized
controlled trial (n = 7135)

* CDAD prevention or treatment
neither a primary nor a secondary
outcome (n = 41)

* Study subjects not recruited from a
hospital setting (n = 3)

\

8 studies meeting inclusion criteria:

* 1 trial on CDAD prevention

* 3 trials on CDAD treatment

* 4 trials on AAD prevention with
CDAD as a secondary outcome

Fig. 1: Flow of articles in the search strategy. CDAD =
Clostridium difficile-associated diarrhea, ADD = antibiotic-
associated diarrhea. No new studies were found when the ref-
erence lists of eligible studies were reviewed.
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In the single study on the effectiveness of probiotic ther-
apy in preventing CDAD," no difference was found between
probiotic and placebo groups in the percentage of patients
who tested positive for C. difficile infection after treatment
(Table 1). The authors also reported a 32% (statistically
nonsignificant) decrease in the incidence of diarrhea among
patients who were positive for infection after culture and
toxin test, but this comparison is not appropriate since it is
not between all subjects randomly assigned to the 2 groups.

Among the 3 trials of probiotic treatment of CDAD, "
only 1, by McFarland and associates,' reported a significant
beneficial effect overall. However, in a post hoc analysis,
the authors found that this effect was almost entirely lim-
ited to a subgroup with recurrent CDAD (risk difference
30,95% CI 2.3 to 50.6). These subjects were characterized
by a greater use of vancomycin, although vancomycin use
was not significantly associated with the outcome in a mul-
tivariate analysis. In the study by Surawicz and colleagues,”
a subgroup analysis of subjects receiving high-dose van-
comycin, who were more likely to have severe CDAD,
demonstrated a beneficial effect of the probiotic (risk dif-
ference 33, 95% CI -0.3 to 62.0). However, the Cls in the
subgroup analyses from both studies were very wide, which
made it difficult to ascertain the magnitude of the effect.
The study by Wullt and associates™ was chiefly limited by
the very small sample (7 = 21).

In the 4 studies in which prevention of antibiotic-associ-
ated diarrhea was the primary outcome, probiotic therapy
had no significant effect on the prevention of CDAD."* In
1 study,” the only available data on CDAD involved a com-
parison that was not between randomly assigned subjects.
Probiotic therapy was found to be beneficial in preventing
antibiotic-associated diarrhea in only 2 of the studies.'”*
Within each study there was variability in the antibiotic
therapy (type, dose and duration) used concomitantly with
the probiotic.

No serious adverse effects or problems with compliance
were found in the probiotic group in any of the studies.

Interpretation

We identified 8 eligible trials of probiotic therapy in which
CDAD prevention or treatment was either a primary or sec-
ondary outcome. The scant literature does not provide con-
vincing proof of the clinical benefit of probiotics. Interest-
ingly, in 2 treatment studies'*"” a beneficial effect (with a wide
CI) was observed in a subgroup of patients characterized by
more severe disease. In the first study these subjects had had
at least 1 previous episode of CDAD in the last year and were
more likely to be taking vancomycin than metronidazole. In
the second study the patients were taking high doses of van-
comycin and were more likely to have colitis. In both studies
the apparent beneficial effect of the probiotic was seen only in
patients with severe CDAD. The third treatment study" was
too small for us to draw any meaningful conclusion. In all 4
studies where CDAD prevention or treatment was the pri-



mary outcome, there was no difference between probiotic
and placebo groups in the persistence of C. difficile after the
intervention." ™ Studies in which prevention of CDAD was
measured as a secondary outcome had small samples and var-
ied definitions of CDAD. In 3 studies*"*? the duration of fol-
low-up after antibiotic use was less than 6 weeks, which may
be too short for CDAD to develop.”

Some authors have suggested that probiotic therapy has
not been found to be beneficial because the doses used were

Probiotic therapy and C. difficile-associated diarrhea

too low.”? This may be supported by the fact that in some of
the studies involving adults in which no benefit was found,
the dose used was the same as that used in pediatric studies
that reported positive results.”* Another concern is that the
probiotic preparations may have become nonviable after
manufacture. The effectiveness of the probiotic depends on
the number of viable bacteria at the time of use.”” Several ar-
ticles have reviewed commercially available probiotic prod-
ucts such as food supplements, yoghurt and fermented

Table 1: Summary of randomized controlled trials where prevention or treatment of Clostridium difficile-associated diarrhea

(CDAD) was the primary or secondary outcome (abridged)*

Probiotic and QOutcome measure Risk difference (95% CI)  Quality
Trial duration (Iength of follow-up) (placebo—probiotic) scoret Comments
Primary outcome
Plummer et Lactobacillus Presence of C. difficile -2.8(-8.7t0 15.3) 3 No difference in toxin positivity between
al, 2004;”  acidophilusand (20 d) treatment arms among patients with positive
prevention  Bifidobacterium culture; lower incidence of diarrhea reported
bifidum for 20 d among culture- and toxin-positive subjects in
probiotic group; short follow-up
McFarland  Saccharomyces ~ Diarrhea and at least 1 20.5 (2.2 t0 37.0) 5 Concomitant use of different antibiotics for
etal, 1994," boulardii for 4 wk positive assay for C. First-time CDAD: differing lengths of time; no difference in culture
treatment difficile by culture or 4.9 (-17.6 10 26.4) positivity between treatment arms, but
toxin A or B (8 wk) Recurrent CDAD: significgntly fewer toxin B positive cases in
30.0 (2.3 to 50.6) probiotic group
Surawicz et S. boulardii for Diarrhea and at least 1 9.8 (6.7 t0 25.6) 3 Concomitant antibiotic assigned to patients after
al, 2000;”  28d positive assay for C. High-dose vancomycin: randomization; no difference in culture or toxin
treatment difficile by culture or 33.0 (-0.3 to 62.0) positivity in subgroup taking high-dose
toxin A or B (8 wk) Low-dose vancomycin: vancomycin; results not reported for other groups
—6.4 (-16.2 to 28.1)
Metronidazole:
-1.9 (-25.8 t0 29.2)
Waulltetal, L. plantarum Diarrhea (5-10 d) -8.3 (-40.3 to 29.6) 4 Small sample; no difference in culture positivity
2003;" 299v for 38 d Positive assay for C. ~19.4 (-64.7 to 15.5) after treatment among 20 patients who had no
treatment difficile toxins A or B diarrhea after 5-10 d
(11-13 d)
Secondary outcome
Surawicz et S. boulardii Acquired C. difficile -13.3 (-25.7 to 4.7) 5 Probiotic resulted in a significant reduction in risk
al, 1989" starting within after enrolment of AAD; C. difficile tested only in those with = 3
48 h of beginning (duration of probiotic stool samples; short follow-up
antibiotic until 2 treatment; minimum of
wk post-antibiotic 8 d)
McFarland et S. boulardii Diarrhea among C. -1.4(-3.5t0 4.1) 4 Probiotic resulted in a significant reduction in risk
al, 19957 starting within difficile- or toxin- of AAD; the only available result for CDAD was
72 h of beginning positive subjects not based on a comparison between randomized
antibiotic until 3 (7 wk after probiotic subjects
d after last dose of was discontinued)
antibiotic
Lewis etal, S. boulardii for Positive assay for C. -6.8 (-22.6 to 8.0) 4 Probiotic had no effect on AAD; C. difficile tested
1998° duration of difficile toxin (duration regularly every 4 d and whenever subjects had
antibiotic of antibiotic treatment) diarrhea; small number of CDAD cases; short
treatment follow-up
Thomas et al, L. GG starting Diarrhea and positive 0.7 (-3.0t0 4.5) 4 Probiotic had no effect on AAD; C. difficile toxin

2001* within 24 h of assay for C. difficile
beginning toxin (21 d)
antibiotic

treatment for 14 d

results obtained from medical chart; small
number of CDAD cases; short follow-up

Note: CI = confidence interval, AAD = antibiotic-associated diarrhea.
*See the unabridged table at www.cmaj.ca/cgi/content/full/173/2/167/DC1.
1The quality of the studies was assessed using the scale described by Jadad et a

s

A score of 5 indicates best quality.
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milk?* and found that the number of colony-forming units
can be much lower than advertised and that the bacterial
species listed on product labels are often incorrect. It is also
possible that, in prevention trials, the probiotic does not sur-
vive to colonize the colon because it is eliminated by the
acidity of the stomach or because of concomitant use of an-
tibiotics. Only 1 of the studies we reviewed evaluated the
presence of the probiotic in fecal samples.” Studies are
needed to establish the minimum effective adult dose. Al-
though side effects appear to be rare, there has been a small
number of case reports of fungemia and bacteremia attrib-
uted to probiotic use, particularly among immunocompro-
mised patents.”” These specific side effects were either not
observed or not reported in the studies we reviewed. The
varied definitions of CDAD also complicate the interpreta-
tion of these studies.

The studies conducted to date provide insufficient evi-
dence for the routine clinical use of probiotics to prevent or
treat CDAD in adults. Better designed trials are therefore
needed. To demonstrate a prevention effect, studies would
need to randomize a sufficiently large number of patients
within categories of antibiotic regimens and have a suffi-
ciently long follow-up after antibiotic use. Therapeutic
studies would need to randomize patients within strata de-
fined by the concomitant antibiotic regimen. In both types
of studies a clearer rationale is needed for the type and dose
of probiotic and for how CDAD is defined. Measuring the
levels of probiotic bacteria in the stool of patients given dif-
ferent doses may help to determine acceptable dosing. The
need for more rigorous proof of the efficacy of probiotics is
particularly important given the increasing problem of
nosocomial CDAD in Canada and the simultaneous
growth in sales of over-the-counter probiotic products.

This article has been peer reviewed.
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